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MULTIPLE ON-CHIP TEST RUNS AND REPAIRS FOR MEMORIES 

Background of the Invention 

1. Technical Field 

The present invention relates to test runs and repairs for memories, and more specifically, 
5 to multiple on-chip test runs and repairs for memories. 

2. Related Art 

Conventional testing of a memory chip involves a plurality of test runs during each of 
which the memory chip is tested under a different condition (voltage, temperature, etc.) The 
resulting test-run repair solution for each test run is collected and stored off-line (i.e., outside the 
1 0 memory chip). Once all test-run repair solutions for all test runs have been collected, they are 

compiled off-chip into a final repair solution which is implemented by programming the fuses on 
the memory chip. This testing process wastes tester time because the tester has to wait until the 
final repair solution has been compiled off-chip before proceeding to implementing the final 
repair solution. 

1 5 As a result, a design of a memory chip that allows multiple on-chip test runs and repairs 

is needed. A method is also needed for performing multiple on-chip test runs and repairs for the 
memory chip. 
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Summary of the Invention 

The present invention provides a structure, comprising (a) a fuse bay including a fuse 
array of N fuses, N being an integer; (b) a BIST circuit electrically coupled to the fuse bay; (c) a 
memory module electrically coupled to the fuse bay and the BIST circuit; and (d) a new repair 
5 circuit electrically coupled to the fuse bay and the BIST circuit, wherein the fuse bay is 

configured to store and shift an original combined repair solution to the BIST circuit, the BIST 
circuit is configured to (i) perform a first test run on the memory module so as to obtain a first 
test-run repair solution, and then (ii) combine the first test-run repair solution and the original 
combined repair solution from the fuse bay so as to obtain a first combined repair solution, the 
10 new repair circuit is configured to receive and compare the original combined repair solution and 
the first combined repair solution to obtain a first new repair solution, and the fuse bay is further 
configured to program the first new repair solution into the fuses of the fuse array so that the fuse 
bay stores the first combined repair solution. 

The present invention also provides a memory chip, comprising (a) at least a memory 
15 module; (b) a fuse register electrically coupled to the memory module; (c) a fuse array 
electrically coupled to the fuse register, the fuse array including a plurality of fuses; (d) a 
program register electrically coupled to the fuse array; (e) a fuse controller electrically coupled to 
the fuse register and the program register; (f) a BIST circuit electrically coupled to the ftise 
register and the fuse controller; and (g) a new repair circuit electrically coupled to the BIST 
20 circuit, the fuse register, and the program register, wherein the fuse array is configured to store an 
original combined repair solution, the fuse controller is configured to cause the fuse array to 
send the original combined repair solution to the fuse register, and then cause the fuse register to 
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send the original combined repair solution to the BIST circuit, the BIST circuit is configured to 
(i) perform a first test run on the memory module so as to obtain a first test-run repair solution, 
and then (ii) combine the first test-run repair solution and the original combined repair solution 
so as to obtain a first combined repair solution, the new repair circuit is configured to receive and 
5 compare the original combined repair solution and the first combined repair solution to obtain a 
first new repair solution, and the fuse controller is further configured to cause the program 
register to receive the first new repair solution from the new repair circuit and then cause the fuse 
array to program the first new repair solution into its fuses so that the fuse array stores the first 
combined repair solution. 

10 The present invention provides a method for performing test runs and repairs of a 

memory module, the method comprising the steps of (a) using a fuse bay, including a fuse array 
of N fuses, N being an integer, to store and shift an original combined repair solution to a BIST 
circuit; (b) using the BIST circuit to (i) perform a first test run on the memory module so as to 
obtain a first test-run repair solution, and then (ii) combine the first test-run repair solution and 

1 5 the original combined repair solution from the fuse bay so as to obtain a first combined repair 
solution; (c) using a new repair circuit to receive and compare the original combined repair 
solution and the first combined repair solution to obtain a first new repair solution; and (d) 
further using the fuse bay to program the first new repair solution into the fuses of the fuse array 
so that the fuse bay stores the first combined repair solution. 

20 The present invention provides structures for a memory chip for which multiple test runs 

and repairs can be performed on-chip. 
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The present invention also provides methods for performing multiple test runs and repairs 
on the memory chip. 

Brief Description of the Drawings 

FIG. 1 illustrates a structure comprising a tester and a memory chip configured such that 
5 the tester can perform multiple on-chip test runs and repairs for the memory chip, in accordance 
with embodiments of the present invention. 

FIG. 2 illustrates a flowchart of a method for performing multiple on-chip test runs and 
repairs for the memory chip of Fig. 1, in accordance with embodiments of the present invention. 

Detailed Description of the Invention 

1 0 FIG. 1 illustrates a structure 1 00 comprising a tester 1 1 0 and a memory chip 112 

configured such that the tester 1 10 can perform multiple on-chip test runs and repairs for the 
memory chip 1 12, in accordance with embodiments of the present invention. Illustratively, the 
memory chip 1 12 comprises a BIST (Built-in Self Test) circuit 120, a fuse controller 140, an 
exclusive-OR gate 150, a memory module 160, a fuse register 170, a fuse array 180, and a 

15 program register 190. The fuse register 170, the fuse array 180, and the program register 190 can 
be referred to as the fuse bay 170,180,190. 

The tester 1 10 is electrically coupled to the BIST circuit 120 and the fuse controller 140 
via connections 115 and 113, respectively. The BIST circuit 120 is also electrically coupled to 
the fuse controller 140, the memory module 160, and the fuse register 170 via connections 124, 
20 122, and 173, respectively. In one embodiment, the BIST circuit 120 comprises a repair register 
130 which is electrically coupled to the exclusive-OR gate 150 via connection 128. In one 
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embodiment, the repair register 130 comprises a chain of latches (not shown) electrically coupled 
together in series. 

The fuse controller 140 is electrically coupled to the fuse register 170 and the program 
register 190 via connections 143 and 145, respectively. The exclusive-OR gate 150 is electrically 
coupled to the fuse register 170 via connection 173 and to the program register 190 via 
connection 153. 

The memory module 160 is electrically coupled to the fuse register 170 via connection 
165. In one embodiment, the memory module 160 comprises regular rows 160a and redundant 
rows 160b. Each of the redundant rows 160b can be used to replace one defective regular row 
160a, if any. Illustratively, there are 32 regular rows (namely, regular rows 0-31) and 2 
redundant rows (namely, redundant rows 0-1) in the memory module 160. Hereafter, a number 
(e.g., 32) by itself is a decimal number, whereas a number followed by symbol "b" (e.g., 1011b) 
is a binary number. 

The fuse register 170 is electrically coupled to the fuse array 180, which is in turn 
electrically coupled to the program register 190. Illustratively, the fuse register 170 comprises 12 
fuse latches 170.1, 170.2,..., and 170.12 coupled in series. The fuse array 180 comprises 12 
electronic fuses (i.e., e-fiises or electronically blown fuses, which can be blown by an electric 
current) 180.1, 180.2,..., and 180.12 electrically coupled one-to-one (i.e., bitwise) to the fuse 
latches 170.1, 170.2,..., and 170.12, respectively. The program register 190 comprises 12 
program latches 190.1, 190.2,..., and 190.12 coupled in series. The program latches 190.1, 
190.2,..., and 190.12 are electrically coupled one-to-one (i.e., bitwise) to the e-fuses 180.1, 
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180.2,..., and 180.12, respectively. In one embodiment, the repair register 130, the fuse register 
170, and the program register 190 have the same length (i.e., 12 bits/latches). 

FIG. 2 illustrates a flowchart of a method 200 for performing multiple on-chip test runs 
and repairs for the memory chip 1 12 of Fig. 1, in accordance with embodiments of the present 
5 invention. As an example of how the structure 100 operates, assume the tester 1 10 is used to test 
the memory chip 112. The operation of the structure 100 in this example is described with 
reference to both FIGS. 1 and 2. 

In one embodiment, at Step 210, the tester 110 starts the first test run and repair by 
issuing a Get Repair Register Length instruction to the fuse controller 140 via connection 113. 

10 This instruction is executed only once, and will not be executed again in the following test runs. 
In response, the fuse controller 140 obtains and stores the length of the repair register 1 30. In 
one embodiment, the fuse controller 140 obtains the length of the repair register 130 by 
initializing the latches of the repair register 130 to 0b, starting a counter (not shown), and causing 
a lb to be shifted into one end of the repair register 130. When the lb exits at the other end of 

1 5 the repair register 1 30, the count in the counter indicates the length of the repair register 1 30. As 
a result, the fuse controller 140 has access to the length of the repair register 130 (which is also 
the length of the fuse register 170 and the program register 190, and the number of fuses of the 
fuse array 1 80) after it executes the Get Repair Register Length instruction. In this example, the 
length of the repair register 130 is 12 bits. 

20 In one embodiment, after executing the Get Repair Register Length instruction, the fuse 

controller 140 notifies the tester 110. In response, at Step 220, the tester 110 issues a Read Fuses 

instruction to the fuse controller 140. In response, the fuse controller 140 causes the content of 
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the fuse array 180 to be read into the fuse register 170. Assume that the memory chip 1 12 has 
never been repaired before. As a result, all the e-fuses 180.1-180.12 are intact, and the fuse latch 
170.1-170.12 contains 000000 000000b, respectively, after the read. After executing the Read 
Fuses instruction, the fuse controller 140 notifies the tester 1 10. 

5 In response, in step 230, a new/first combined repair solution is obtained. More 

specifically, the tester 110, via connection 115, causes the BIST circuit 120 to test the memory 
module 160 for the first test run. In response, the BIST circuit 120 first obtains the original 
combined repair solution. At this point in time, the original combined repair solution is stored in 
the fuse array 180, which is 00000 000000b, meaning no repair has been done. After the 

10 execution of the Read Fuses instruction in the immediately preceding step 220, the fuse register 
1 70 also contains a copy of the original combined repair solution (i.e., 00000 000000b). 
Therefore, in one embodiment, the BIST circuit 120 can obtain the original combined repair 
solution by causing the fuse register 170 to shift its content to the BIST circuit 120 via 
connections 173 and 126. The BIST circuit 120 then tests the memory module 160 under a first 

1 5 condition (e.g., with a certain voltage applied to the memory module). For instance, for each row 
(regular or redundant), the BIST circuit 120 writes all lb into the row and then later reads from 
that row. If the read data is different from the written data, the row is defective. If the read data 
is the same as the written data, the row is fine with that particular test pattern (all lb). Then, the 
BIST circuit 120 moves on to the next row. When done, the BIST circuit 120 records the first 

20 test-run repair solution in the repair register 1 30. More specifically, assume that when the BIST 
circuit 120 finishes its first test run, it finds only regular row 6 of the 32 regular rows 160a to be 
defective. The BIST circuit 120 then examines the content of the repair register 130 (which 
contains the old/original combined repair solution 00000 00000b) and finds that no solution is 
END920030091US1 7 



recorded. As a result, the BIST circuit 120 records the first test-run repair solution (i.e., using 
redundant row 0 to replace defective regular row 6) in the repair register 130 as 1001 10 000000b. 

The first/left six bits of the repair register 130 are used for redundant row 0 and the 
right/second six bits of the repair register 1 30 are used for redundant row 1 . In the six bits for 
5 redundant row 0 (from left to right), bit 1 (Enabled bit) is lb indicating that redundant row 0 is 
enabled (i.e., it is used to replace a defective regular row). Bit 2-6 (Replaced Row Address bits) 
are 001 10b (i.e., 6 in decimal) indicating that the defective row which redundant row 0 replaces 
is regular row 6. 

In the six bits for redundant row 1 (from left to right), bit 1 is 0b indicating that redundant 
10 row 1 is not enabled (i.e., redundant row 1 is not used to replace any other row). As a result, the 
values of bits 2-6 have no significance. 

In step 240, the tester 110 again issues the Read Fuses instruction to the fuse controller 
140. In response, the fuse controller 140 causes the content of the fuse array 180 to be read into 
the fuse register 170. As a result, the fuse register 170 again contains the old/original combined 
15 repair solution 00000 00000b, which might be erased in the fuse register 170 by the shift in the 
immediately preceding step 230 (in fact, the shift in step 230 did erase but did not change the 
old/original combined repair solution because the solution happens to be all 0s). 

In Step 250, the tester 1 10 issues a Program Fuses instruction to the fuse controller 140. 
N In response, the fuse controller 140 causes both the repair register 130 and the fuse register 170 
20 to simultaneously shift their contents serially past the exclusive-OR gate 150 via connections 128 
and 173, respectively, into the program register 190 via connection 153. Because the content of 
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the fuse register 170 is all Ob, the content of the repair register 130 passes the exclusive-OR gate 
150 unchanged. Because the fuse controller 140 has access to the length of the repair register 
130, the fuse controller 140 stops the shifting when all the content of the repair register 130 has 
been shifted into the program register 190 via connection 153. After the shift, the program 
latches 190.1-190.12 contain a first new repair solution of 1001 10 000000b, respectively. Then, 
the fuse controller 140 initiates the fuse programming process for the first new repair solution. 
The fuse controller 140 initiates the fuse programming process by first shifting a string of all 0b 
into the fuse register 170 via connection 143. Then, the fuse controller 140 shifts alb through 
the fuse latches 170.1-170.12 in that order. 

The lb first comes to the fuse latch 170.1 (i.e., the fuse latch 170.1 contains a lb, the 
other fuse latches of the fuse register 170 contain a 0b). At the next rising edge of a 
programming clock (not shown), because the associated program latch 190.1 contains a lb, a 
program voltage is applied across the associated e-fuse 180.1. As a result, the e-fuse 180.1 is 
blown. Therefore, the e-fuse 180.1 contains a lb. 

Then, the lb moves to the next fuse latch 170.2 (i.e., the fuse latch 170.2 contains a lb, 
the other fuse latches of the fuse register 170 contain a 0b). At the next rising edge of the 
programming clock, because the associated program latch 190.2 contains a 0b, the program 
voltage is not applied across the associated e-fuse 180.1. As a result, the e-fuse 180.1 is not 
blown. Therefore, the e-fuse 180.1 contains a 0b. 

The programming process continues until the lb exits the fuse register 170. As a result, 
after programming, the fuse array 180 has the same content as that of the program register 190 



END920030091US1 



9 



(i.e., 1001 10 000000b). The fuse array 180 now contains the first/latest combined repair 
solution. 

In one embodiment, after executing the Program Fuses instruction, the fuse controller 140 
notifies the tester 110. This point in time marks the completion of the first test run and repair. In 
5 response to the notification of the completion of the execution of the first Program Fuses 

instruction, the tester 110 decides in Step 260 whether the current/first test run and repair is the 
last one. If so, the method 200 stops. If the answer is negative, the method 200 loops back to 
Step 220. Assume in this example that the first test run and repair is not the last. As a result, in 
step 220, the tester 110 again issues the Read Fuses instruction to the fuse controller 140. In 
10 response, the fuse controller 140 causes the content of the fuse array 180 to be read into the fuse 
register 170. As a result, the fuse latch 170.1-170.12 contains 1001 10 000000b, respectively. 
Then, the fuse controller 140 notifies the tester 110. 

In response to the notification from the fuse controller 140 of the completion of the Read Fuses 
instruction, in Step 230, a new/second combined repair solution is obtained. More specifically, 

15 the tester 110, via connection 115, causes the BIST circuit 120 to test the memory module 160 
for a second test run. In response, the BIST circuit 120 first obtains the latest combined repair 
solution. At this point in time, the first/latest combined repair solution is stored in the fuse array 
180, which is 1001 10 000000b, meaning redundant row 0 is used to replace defective regular row 
6, and redundant row 1 is not used. After the execution of the Read Fuses instruction in the 

20 immediately preceding step 220, the fuse register 170 also contains a copy of the first/latest 

combined repair solution (i.e., 1001 10 000000b). Therefore, the BIST circuit 120 can obtain the 
latest/first combined repair solution by causing the fuse register 170 to shift its content to the 
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repair register 130 of the BIST circuit 120 via connections 173 and 126. Then, the BIST circuit 
120 tests the memory module 160 under a second condition. When done, the BIST circuit 120 
records the second test-run repair solution in the repair register 130. More specifically, assume 
that when the BIST circuit 120 finishes its second test run, it finds only regular row 8 of the 32 
5 regular rows 160a to be defective. 

Then, the BIST circuit 120 examines the content of the repair register 130 and recognizes 
that the redundant row 0 is being used because the first bit of the repair register 130 is lb. As a 
result, the BIST circuit 120 records the second test-run repair solution (i.e., using redundant row 
1 to replace defective regular row 8) in the last 6 bits of the repair register 130. The repair 
10 register 130 now contains the second/latest combined repair solution (i.e., 1001 10 101000b). 

In the six bits of the repair register 130 used for redundant row 0 (from left to right), bit 1 
(Enabled bit) is lb indicating that redundant row 0 is enabled (i.e., it is used to replace a 
defective regular row). Bit 2-6 (Replaced Row Address bits) are 001 10b (i.e., 6 in decimal) 
indicating that the defective row which redundant row 0 replaces is regular row 6. 

15 In the six bits of the repair register 130 used for redundant row 1 (from left to right), bit 1 

(Enabled bit) is lb indicating that redundant row 1 is enabled (i.e., it is used to replace a 
defective regular row). Bit 2-6 (Replaced Row Address bits) are 01000b (i.e., 8 in decimal) 
indicating that the defective row which redundant row 1 replaces is regular row 8. 

After that, the BIST circuit 120 notifies the fuse controller 140, which in turn notifies the 

20 tester 1 10. In response, in Step 240, the tester 110 again issues the Read Fuses instruction to the 

fuse controller 140. In response, the fuse controller 140 causes the content of the fuse array 180 

to be read into the fuse register 170. As a result, the fuse register 170 again contains the old/first 
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combined repair solution 1001 10 000000b, which was erased in the fuse register 170 by the shift 
in the immediately preceding step 230. 

Then, in Step 250, the tester 1 10 again issues the Program Fuses instruction to the fuse 
controller 140. In response, the fuse controller 140 causes both the repair register 130 and fuse 
register 170 to simultaneously shift their contents serially past the exclusive-OR gate 150 via 
connections 128 and 173, respectively, into the program register 190 via connection 153. 
Because the contents of the fuse register 170 and the repair register 130 are 1001 10 000000b and 
1001 10 101000b, respectively, the program latches 190.1-190.12 contain 000000 101000b, 
respectively, after the shift, which is the additional repair solution (or second new repair 
solution). Then, the fuse controller 140 initiates the fuse programming process for the second 
new repair solution in a manner similar to the fuse programming process for the first new repair - 
solution. 

After the second new repair, the fuse array 180 has the content 1001 10 101000b, which 
reflects the second/latest combined repair solution of the first and second test runs and repairs. 
Then, the fuse controller 140 notifies the tester 110. This point in time marks the completion of 
the second test run and repair. Then, the tester 110 decides in Step 260 whether the 
current/second test run and repair is the last one. If so, the method 200 stops. If the answer is 
negative, Step 220 is again performed. Assume in this example that the second test run and 
repair is the last. As a result, the tester 110 stops. 

In summary, the two test runs and repairs have been performed on-chip (i.e., on the 
memory chip 1 12) and the final repair solution has been implemented in the e-fuses 180.1- 
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180.12. The final repair solution is compiled on-chip. As a result, the tester time is not wasted 
on waiting for the off-chip compilation of a final repair solution 

After the final repair has been implemented, during initialization of the memory chip 1 12, 
the content of the fuse array 180 is read into the fuse register 170. As a result, during normal 
5 operation of the memory chip 1 12, whenever the row address of the defective regular row 6 (i.e., 
001 10b) appears on system address bus (not shown), a comparison between that address and the 
contents of the fuse latches 170.2-170.6 results in a match. As a result, a signal is generated that 
disables defective regular row 6 and enables redundant row 0. In other words, redundant row 0 is 
accessed instead of defective regular row 6. 

10 Similarly, whenever the row address of the defective regular row 8 (i.e., 01000b) appears 

on the address bus, a comparison between that address and the contents of the fuse latches 170.8- 
170.12 results in a match. As a result, a signal is generated that disables defective regular row 8 
and enables redundant row 1 . In other words, redundant row 1 is accessed instead of defective 
regular row 8. 

1 5 In the embodiments described above, two test runs and repairs are performed. In general, 

any number of test runs and repairs can be performed in a similar manner. 

In the embodiments described above, the repair register 130, the fuse register 170, the 
fuse array 180, and the program register 190 all have 12 bits. In general, these components can 
have any number of bits (i.e., any length). 

20 In the embodiments described above, the number of regular rows is 32 and the number of 

redundant rows is 2. In general, any numbers of redundant and regular rows can be used. 
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In the embodiments described above, the memory chip 1 12 has only one memory module 
160. In general, the memory chip 112 can have any number of memory modules having 
connections similar to that of the memory module 160. 

While particular embodiments of the present invention have been described herein for 
5 purposes of illustration, many modifications and changes will become apparent to those skilled in 
the art. Accordingly, the appended claims are intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this invention. 
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